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PROBLEM TO BE SOLVED: To provide a varistor superior in plating 
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SOLUTION: Using a material contg. zinc oxide as a main component a 
ceramic sheet la is made. The ceramic sheets la and inner electrodes 2 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the varistor characterized by having the 1st process which prepares 
predetermined spacing in the outside surface of the varistor component which uses ZnO as a principal component, and 
forms 1st at least two electrode in it, the 2nd process which subsequendy performs 1st heat treatment for said varistor 
component, and the 3rd process which arranges Si powder on the accoxmt varistor component outside surface of back to 
front, and performs 2nd heat treatment. 

[Claim 2] The manufacture approach of the varistor according to claim 1 characterized by heat-treating in the 3rd 
process, rotating a varistor component and Si powder. 

[Claim 3] The manufacture approach of the varistor according to claim 1 which changes to Si powder, uses Si as a 
principal component in the 3rd process, and is characterized by ixsing the compoimd of Pb, Fe, Sb, Ti, aluminum, B, Bi, 
Ag, alkali metal, and alkaline earth metal, and the mixture which has at least one or more (except for the case where Pb, 
alkali metal, and alkaline earth metal are used independently) kinds in a glass frit as an accessory constituent. 
[Claim 4] The manufacture approach of the varistor according to claim 3 characterized by heat-treating in the 3rd 
process, rotating a varistor component and mixture. 

[Claim 5] The manufacture approach of the varistor according to claim 1 characterized by forming the 2nd electrode on 
the 1st electrode after the 3rd process. 

[Claim 6] The manufacture approach of the varistor according to claim 1 characterized by immersing a varistor 
component in a liquid including at least one or more kinds in the organometallic compound of Si, Pb, Fe, Sb, Ti, 
aluminum, B, Bi, Ag, alkali metal, and alkaline earth metal after the 2nd process. 

[Claim 7] The 1st process which prepares predetermined spacing in the outside surface of the varistor component which 
uses ZnO as a principal component, and forms 1st at least two electrode in it. Si is used as a principal component at said 
varistor component outside surface. As an accessory constituent Subsequently, Pb, The compound of Fe, Sb, Ti, 
aluminimi, alkali metal, and alkaline earth metal. The manufacture approach of the varistor characterized by having the 
2nd process which arranges and heat-treats the mixture which has at least one or more (it removes when using Si, Pb, 
alkali metal, and alkaline earth metal independently) kinds in a glass frit. 

[Claim 8] The manufacture approach of the varistor according to claim 7 characterized by forming the 2nd electrode on 
the 1st electrode after the 2nd process. 

[Claim 9] The manufacture approach of the varistor according to claim 7 characterized by immersing a varistor 
component in a liquid including at least one or more kinds in the organometallic compound of Si, Pb, Fe, Sb, Ti, 
aluminxmi, B, Bi, Ag, alkali metal, and alkaline earth metal after the 1st process. 

[Claim 10] The manufacture approach of the varistor according to claim 7 characterized by heat-treating in the 2nd 
process, rotating a varistor component and mixture. 

[Claim 1 1] Si is used as a principal component on the varistor component front face which uses ZnO as a principal 
component. As an accessory constituent Pb, The compound of Fe, Sb, Ti, aluminum, B, Bi, Ag, alkali metal, and 
alkaline earth metal. The 1 st process which arranges and heat-treats the mixture which has at least one or more (it 
removes when using Si, Pb, alkali metal, and alkaline earth metal independently) kinds in a glass frit. Next, the 
manufacture approach of the varistor characterized by having the 2nd process which forms at least two electrodes in 
said varistor component outside surface. 

[Claim 12] The manufacture approach of the varistor according to claim 1 1 characterized by performing the 1st process 
after heat-treating a varistor component before the 1st process. 

[Claim 13] The manufacture approach of the varistor according to claim 1 1 characterized by immersing a varistor 
component in a liquid including at least one or more kinds in the organometallic compound of Si, Pb, Fe, Sb, Ti, 
aluminum, B, Bi, Ag, alkali metal, and alkaline earth metal in front of the 1st process. 

http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3 3/25/2004 



Page 2 of 2 

[Claim 14] The manufacture approach of the varistor according to claim 1 1 characterized by heat-treating in the 1st 
process, rotating a varistor component and mixture. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of a varistor. 

[0002] 

[Description of the Prior Art] After forming an electrode in the front face of the varistor component which uses ZnO as 
a principal component conventionally, the high resistive layer which consists of glass was formed in the varistor 
component front face, subsequently to the front face of an electrode it plated, and the varistor had been obtained. 

[0003] 

[Problem(s) to be Solved by the Invention] However, the high resistive layer with glass was difficult to be unable to 
form only in a varistor component front face alternatively, and to make it uniform thickness. For this reason, when 
plating, it had the trouble of causing plating flow, short-circuiting, or moisture etc. having infiltrated into the interior of 
a varistor component, and degrading the electrical property of a varistor. 

[0004] Then, ttus invention has precise and uniform thickness and aims at offering the varistor excellent in plating-proof 
nature and moisture resistance by forming a high resistive layer in a varistor component front face alternatively. 
[0005] 

[Means for Solving the Problem] In order to attain this purpose, the manufacture approach of the varistor of this 
invention The 1st process which prepares predetermined spacing in the outside surface of the varistor component which 
uses ZnO as a principal component, and forms 1st at least two electrode in it. Subsequently, it is characterized by having 
the 2nd process which performs 1st heat treatment for said varistor component, and tiie 3rd process which arranges Si 
powder on that account varistor component outside surface of back to front, and performs 2nd heat treatment, and the 
above-mentioned pxupose can be attained by this approach. 
[0006] 

[Embodiment of the Invention] The 1st process which invention of this invention according to claim 1 prepares 1st at 
least two electrode in the outside surface of the varistor component which uses ZnO as a principal component, and 
forms predetOTnined spacing, Subsequently, it is the manufacture approach of the varistor characterized by having the 
2nd process which performs 1st heat treatment for said varistor component, and the 3rd process which arranges Si 
powder on the account varistor component outside surface of back to front, and performs 2nd heat treatment. Since the 
high resistive layer which has precise and uniform thickness can be formed, the varistor excellent in moisture resistance 
and plating-proof nature can be obtained. 

[0007] In the 3rd process, invention according to claim 2 is the manufacture approach of the varistor according to claim 
1 characterized by heat-treating rotating a varistor component and Si powder, and can obtain the varistor which has a 
more imiform high resistive layer. 

[0008] Invention according to claim 3 is changed to Si powder in the 3rd process. Si is used as a principal component. 
As an accessory constituent Pb, Fe, Sb, Ti, aluminum, B, They are at least one or more (it Pb(s)) kinds in the compoimd 
of Bi, Ag, alkali metal, and alkaline earth metal, and a glass firit. the case where alkali metal and alkaline earth metal are 
used independently — removing — since the high resistive layer which is the manufacture approach of the varistor 
according to claim 1 characterized by using the mixture which it has, and has precise and uniform thickness can be 
formed, tiie varistor excellent in moisture resistance and plating-proof nature can be obtained. 

[0009] In the 3rd process, invention according to claim 4 is the manufacture approach of the varistor according to claim 
3 characterized by heat-treating rotating a varistor component and mixture, and can obtain the varistor which has a more 
uniform high resistive layer. 

[0010] Invention according to claim 5 is the manufacture approach of the varistor according to claim 1 characterized by 
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forming the 2nd electrode on the 1st electrode after the 3rd process, and can obtain the varistor which has the electrode 
which does not have an affix in a front face. 

[001 1] Invention according to claim 6 is the manufacture approach of the varistor according to claim 1 characterized by 
immersing a varistor component in a liquid including at least one or more kinds in the organometallic compound of Si, 
Pb, Fe, Sb, Ti, aluminum, B, Bi, Ag, alkali metal, and alkaline earth metal after the 2nd process, and can form the high 
resistive layer which has still more precise and uniform thickness. 

[0012] The 1st process which invention according to claim 7 prepares 1st at least two electrode in the outside surface of 
the varistor component which uses ZnO as a principal component, and forms predetermined spacing. Si is used as a 
principal component at said varistor component outside surface. As an accessory constituent Subsequently, Pb, The 
compound of Fe, Sb, Ti, aluminum, alkali metal, and alkaline earth metal, the inside of a glass frit — at least one or more 
(Si, Pb, and alkali metal -) kinds the case where alkaline earth metal is used independently ~ removing ~ since the high 
resistive layer which is the manufacture approach of the varistor characterized by having the 2nd process which arranges 
and heat-treats the mixture which it has, and has precise and uniform thickness can be formed, the varistor excellent in 
moisture resistance and plating-proof nature can be obtained. 

[0013] Invention according to claim 8 is the manufacture approach of the varistor according to claim 7 characterized by 
forming the 2nd electrode on the 1 st electrode after the 2nd process, and can obtain the varistor which has the electrode 
which does not have an affix in a front face. 

[0014] Invention according to claim 9 is the manufacture approach of the varistor according to claim 7 characterized by 
immersing a varistor component in a liquid including at least one or more kinds in the organometallic compound of Si, 
Pb, Fe, Sb, Ti, aluminum, B, Bi, Ag, alkali metal, and alkaline earth metal after the 1st process, and can form the high 
resistive layer which has still more precise and uniform thickness. 

[0015] In the 2nd process, invention according to claim 10 is the manufacture approach of the varistor according to 
claim 7 characterized by heat-treating rotating a varistor component and mixture, and can obtain the varistor which has a 
more uniform high resistive layer. 

[0016] Invention according to claim 1 1 uses Si as a principal component on the varistor component front face which 
uses ZnO as a principal component. As an accessory constituent, Pb, Fe, Sb, Ti, aluminum, B, Bi, Ag, alkali metal. The 
1st process which arranges and heat-treats the compound of alkaline earth metal, and the mixture which has at least one 
or more (it removes when using Si, Pb, alkali metal, and alkaline earth metal independently) kinds in a glass frit. Next, 
since the high resistive layer which is the manufacture approach of the varistor characterized by having the 2nd process 
which forms at least two electrodes in said varistor component outside surface, and has precise and uniform thickness 
can be formed, the varistor excellent in moisture resistance and plating-proof nature can be obtained. 
[0017] Invention according to claim 12 is the manufacture approach of the varistor according to claim 1 1 characterized 
by performing the 1st process, after heat-treating a varistor component before the 1st process, and the electrical property 
of a varistor and its stability of a porcelain property improve fiirther by performing the sintering reaction of a varistor 
component, and a high resistance stratification reaction according to an individual. 

[0018] Before the 1st process, invention according to claim 13 is the manufacture approach of the varistor according to 
claim 1 1 characterized by inmiersing a varistor component in a liquid including at least one or more kinds in the 
organometallic compoxmd of Si, Pb, Fe, Sb, Ti, aluminum, B, Bi, Ag, alkali metal, and alkaline earth metal, and can 
form the high resistive layer which has still more precise and uniform thickness. 

[0019] In the 1st process, invention according to claim 14 is the manufacture approach of the varistor according to claim 
1 1 characterized by heat-treating rotating a varistor component and mixture, and can obtain the varistor which has a 
more uniform high resistive layer. 

[0020] It explains referring to a drawing about the gestalt of 1 operation of this invention below. 
(Gestalt 1 of operation) Drawin g 1 shows the sectional view of tiie varistor component in the gestalt of this operation, 1 
is a varistor component and two or more internal electrodes 2 which use Ag as a principal component are formed in the 
interior. Among these, the section electrode 2 is pulled out by the both ends of the varistor component 1 by turns, and is 
electrically connected with the external electrode 3 in the both ends, respectively. Moreover, ceramic sheet la by which 
the laminating was carried out between internal electrodes 2 and to its outside uses ZnO as a principal component, and 
contains Bi 203, Co203, Mn02, and Sb203 grade as an accessory constituent. 4a and 4b show the high resistive layer 
formed when it calcinates with Si02 or its mixture 5, respectively. In case drawing 2 is the explanatory view of the 
baking process in the gestalt of 1 operation of this invention and the high resistive layers 4a and 4b are formed in 
varistor component 1 front face Si02 powder or Si02 is used as a principal component in the crucible 6 of an alumina. 
As an accessory constituent With the mixture (it is called the following Si02 or its mixture 5) of the shape of powder 
which added one or more kinds at least out of Fe 203, Sb203, Ti02 and aluminum 203, Bi203, B-2s 03 and PbO, 
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Na2C03, K2C03, and MgO, CaC03 and AgO The condition of heat-treating is shown. 

[0021] The manufacture approach of the varistor in the gestalt of this operation is explained below. The raw material 
which uses a zinc oxide as a principal component first, a plasticizer, mixing of a binder etc., grinding, slurrying, and 
sheet forming were performed, and ceramic sheet la was produced. Next, it cut in predetermined magnitude and the 
vaiistor component 1 was obtained so that it might be drawn by the end face in which carries out the laminating of this 
ceramic sheet la and the internal electrode 2 which uses silver as a principal component by tums, and an intemal 
electrode 2 carries out phase opposite by tums. Subsequently, after heat-treating tiie varistor component 1 from 5 
minutes at 100-300 degrees C for 10 hours and removing the plasticizer in the varistor component 1, chamfering of the 
edge of varistor component 1 front face was performed. Next, after having applied Ag electrode paste used as the 
external electrode 3 to the both-ends side of tiie varistor component 1, heat-treating at 600-950 degrees C for 5 minutes 
to 10 hours and making the varistor component 1 sinter, the varistor component 1 was made to lay underground into 
Si02 or its mixture 5 using the crucible 6 made from an alumina, as shown in drawing 2 , and it heat-treated at 600-950 
degrees C among air or an oxygen ambient atmosphere for 5 minutes to 10 hours. High resistive layer 4a which ZnO 
and Si02 which are the principal component of the varistor component 1 react, and mainly consists of Zn2Si04 by this 
heat treatment is formed on varistor component 1 front face. Moreover, when Bi 203 is added as an accessory 
constituent for the varistor component 1, while Bi 203 reacts with ZnO and Si02 and promotes generation of Zn2Si04, 
high resistive layer 4b which mainly consists of Bi4(Si04) 3 is formed between the front faces of high resistive layer 4a 
and the varistor component 1 . In order for these to react and to set and generate tiiem to the part which the electrical 
property of a varistor does not discover, it does not have a bad influence on the electrical property of a varistor, but what 
was extremely excellent in plating-proof nature and moisture resistance as a varistor is obtained. An important thing is 
making all the outside surfaces of each varistor component 1 lay underground in the form where Si02 or its mixture 5 is 
contacted, as shown in drawing 2 here. Therefore, predetermined thickness is covered with Si02 or the mixture 5 of 
those at the crucible 6 made from an alumina, first, tiie predetermined number of pieces is put in order so that varistor 
component 1 comrades may not contact on it, and heat treatment is performed after covering and putting Si02 or the 
mixture 5 of those in the condition. In addition, although Si02 or the mixture 5 of those may paste up by the anchor 
effect on the extemal electrode 3 depending on the presentation of Si02 or its mixture 5, it is necessary to secure a flow 
by removing by polish etc. in that case. The effect of an anchor effect is still larger, and when unremovable by polish 
etc., or when high resistive layer 4a of varistor component 1 front face and the 4b itself are groimd by polish, a flow is 
secured by applying and burning extemal electrode paste fiirther and forming an extemal electrode on the extemal 
electrode 3. TTien, electrolysis nickel plating and electrolysis solder plating were performed on the front face of the 
extemal electrode 3, and the varistor was obtained, nickel plating was [ 2 micrometers and solder plating of the 
thickness of plating of the obtained varistor ] 2 micrometers. 
0022] The result about the plating-proof nature of this varistor is shown in (Table 1). 
'0023] 

Table 1] 
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[0024] If it plates for the varistor component 1 which does not have the high resistive layers 4a and 4b as shown in 
(Table 1), the front face of varistor components 1 other than extemal electrode 3 will also be plated. Moreover, when 
what added the glass frit which contains Fe 203, Sb203, Ti02 and aluminum 203, Bi203, and B-2 03 not only in 
Si02 but in Si02 as an accessory constituent is used, plating flow has decreased fruther and it is thought that the more 
uniform high resistive layers 4a and 4b can be formed. 

[0025] Next (Table 2), (outside 1) after calcinating in Si02 or its mixture 5 is shown. 
[0026] 

[External Character 1] 

«Sit (V.-a/Vio,,.) 

[0027] 
[Table 2] 
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[0028] As shown in (Table 2), not only Si02 powder but Si02 is used as a principal component, the voltage ratio is [ the 
direction at the time of adding PbO, Na2C03, K2C03, MgO and CaC03, and Ag20 ] small, and the nonlinearity of a 
low current field is improving. This is considered because the grain boundary layer considered to influence nonlinearity 
greatly is stabilized by adding the above-mentioned additive. 

[0029] Since the varistor of tiie gestalt of this operation is also performing ebumation to coincidence while forming a 
front face into high resistance, the effectiveness of preventing permeation of the plating liquid at the time of plating is 
also looked at by coincidence. 

[0030] In addition, it indicates below that it is thought in this invention that it is important. 

(1) Although the high resistive layers 4a and 4b are formed, it is more effective to raise the compactness of Si02 or its 
mixture 5, and the varistor component 1 on Si02 in drawing 2 or its mixture 5, it having carried out the weight etc. and 
having also put the pressure, when embedding like drawing 2 when making the varistor component 1 lay under Si02 or 
its mixture 5 also considers reactivity. 

[003 1] (2) If heat treatment for forming the high resistive layers 4a and 4b is performed putting the varistor component 
1 of a predetermined number, Si02, or its mixture 5 into spreads, such as a cylindrical shape, and rotating them, it can 
form the more imiform high resistive layers 4a and 4b. Moreover, since it not only can form the high resistive layers 4a 
and 4b with Si02 more nearly little than the case where a crucible 6 is used by heat-treating, or its mixture 5, but the 
temperature variation of the varistor component 1 becomes small, making it rotate, the small varistor of the variation in 
varistor properties including voltage at reference current can be obtained. 

[0032] (3) If the varistor component 1 is laid under Si02 or the mixture 5 of those after being immersed in a liquid 
including at least one or more kinds in the organometallic compound of Si, Pb, Fe, Sb, Ti, aluminum, B, Bi, Ag, alkali 
metal, and alkaline earth metal, and it heat-treats, it will become possible to form the precise high resistive layers 4a and 
4b which have still more uniform thickness. 

[0033] (4) Although the high resistive layers 4a and 4b were formed with the gestalt of this operation by heat-treating in 
Si02 or the mixture 5 of those after making the varistor component 1 heat-treat and sinter, this is because a result with 
better performing a sintering reaction and a high resistance stratification reaction according to an individual is brought 
when tiie electrical property of a varistor and the stability of a porcelain property are considered. However, even if it 
performs the sintering reaction of the varistor component 1, and a high resistance stratification reaction to coincidence, 
the high resistive layers 4a and 4b can be formed. Although before formation of the external electrode 3, after 
formation, or neither is available for the varistor component 1 at this time, it is required to form the extemal electrode 3 
so that the exterior and a flow can be taken in the case of use. 

[0034] (5) With the gestalt of this operation, although it adds in the form of an oxide, as long as the additive in Si02 or 
its mixture 5 turns into an oxide in a reaction temperature requirement (600-950 degrees C), it may not adhere to an 
oxide but may use what kind of compound. 

[0035] (6) When making it a principal component Si02 become more than 80wt% in Si02 or its mixture 5, the high 
resistive layers 4a and 4b can be formed easily. 

[0036] (7) By adding the compound of Fe, Sb, Ti, alunmium, Bi, B, and a glass fiit into Si02 or its mixture 5, the 
inclination of a raise in resistance is seen further and improvement in the nonlinearity of a varistor is foimd by adding 
the compoxmd of Ag, Pb, alkali metal, and an alkaline earth metal. 

[0037] (8) In the gestalt of this operation, although only the case where the oxide of Fe, Sb, Ti, aluminum, Bi, B, a glass 
fiit, Ag and Pb, alkali metal, and alkaline earth metal was independently added into Si02 or its mixture 5, respectively 
was explained, even if it adds two or more kinds of compoimds out of tiiese, it cannot be overemphasized that the same 
effectiveness as the above is acquired. 

[0038] (9) The glass fiit used in the gestalt of this operation is Bi 203. 60wt%, B-2 03 20wt%, Si02 10wt%, Ag20 
Although the 1 Owt% thing was used, since softening temperature is low if it is the glass fiit in which B is contained, it is 
easy to form the high resistive layers 4a and 4b. 

[0039] (10) If it is going to form the uniform high resistive layers 4a and 4b, as for the particle diameter of Si02 or its 
mixture 5, it will be desirable to make it arrange as much as possible. 

[0040] (1 1) Although the laminating mold varistor was explained in the gestalt of this operation, effectiveness with the 
same said of the varistor of other configurations, such as a disk mold, is acquired. 
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[0041] 

[Effect of the Invention] A principal component forms the high resistive layer of Zn2Si04, a Zn-Si-O system called Bi4 
(Si04) 3, and a Bi-Si-0 system in the part in which this invention is not covered with the electrode of a varistor 
component front face as mentioned above. Since this high resistive layer has precise and uniform thickness, it prevents 
unnecessary moisture etc. permeating into a varistor component, and it does not degrade a varistor property. Moreover, 
generating of the defect of it being plated except the electrode section of a varistor component front face at the time of 
plating, and short-circuiting can be prevented. Since thickness of an invalid layer can fiirthermore be made thinner than 
before in the case of a laminating varistor, a miniaturization can be attained. 



[Translation done.] 
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[ Drawing 1] 
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